Objectives: HIV has become a chronic condition associated with comorbidities. We investigated cardiovascular risk and risk modification in a European HIV cohort.
such as cardiovascular disease [2] [3] [4] [5] [6] . Studies suggest that there is a greater prevalence of some modifiable cardiovascular risk factors in PLHIV and that HIV and/ or HIV treatment may be an independent risk factor for cardiovascular disease [7] [8] [9] . To sustain the successes of combination antiretroviral therapy (cART) in reducing mortality and morbidity [2] in PLHIV and accessing care in Europe, we need to ensure that there is an equally vigorous approach to the management of the comorbidities associated with HIV and ageing, and in particular cardiovascular disease.
Patterns of cardiovascular risk vary across geographical settings and populations, partly because of genetic factors and partly because of lifestyle and environmental factors [1] . Successful management of cardiovascular diseases requires a stepped care approach: primary prevention, identifying risk factors, nonpharmacological management of modifiable risk factors, pharmacological management of risk factors and finally specialist care [10] [11] [12] . Although there has been growing awareness of the clustering of health-related risk and consequently longterm conditions, integrated management frequently fails. For example, a review found that even in well functioning health systems less than half of people with diabetes underwent screening and treatment of modifiable cardiovascular risk factors [13, 14] .
PLHIV are followed up regularly, however, although this provides the opportunity to manage co-morbidities, we have limited data on stepped care for cardiovascular disease: In particular of those identified to have a modifiable risk factor, what proportion achieves modification of their risk factor and what are the predictors of success?
The aim of this article is to describe the patterns of modifiable cardiovascular risk and explore predictors of successful medical management of modifiable risk in HIV-positive individuals accessing HIV care within the EuroSIDA cohort.
Methods Population
The EuroSIDA study is a prospective observational cohort of 18 791 HIV-1-positive adult patients in 108 clinics across 34 European countries, Israel and Argentina. This study has been described previously [15] . In brief, patients were enrolled from nine cohorts from May 1994 onwards. Information is collected onto standardized data collection forms every 6 months, including all CD4 þ cell counts and viral loads measured since the last follow-up and starting and stopping dates for all cART. For the purposes of this analysis, we include all the individuals enrolled in EuroSIDA after 1 January 2000 for whom at least two measurements of predicted cardiovascular risk could be calculated using two different sets of time-updated variables. The baseline date was considered the date when the risk equation could first be calculated.
Measurement
Time-updated cardiovascular variables contributing to the construction of the predicted risk estimates were carried forward for a maximum of 12 months. Development of moderate-to-high-cardiovascular risk was defined as a predicted 5-year cardiovascular risk of over 5% using both DAD and Framingham equations [16, 17] . We used a conservative estimate of a predicted 5-year cardiovascular risk of 5%-equivalent to a 10-year cardiovascular risk of 10%, to capture individuals with both moderate and high cardiovascular risk. Modifiable risks, such as hypertension, smoking, high serum cholesterol, diabetes and being overweight, were defined according to European AIDS Clinical Society (EACS) guidelines (Table 1) , and successful cardiovascular risk modification was defined as two consecutive measurements meeting the same guidelines. Weight loss from a BMI of over 25 to one that is less than 25 was used as a surrogate marker of successful lifestyle interventions (exercise and diet). 
Results
Prevalence, incidence and pattern of cardiovascular risk A total of 8762 individuals were included in the analysis. The baseline characteristics can be seen in Table 2 . The majority of individuals were men (76.0%), white (87.1%) and had acquired their infection through sex with another man (45.2%).
The prevalence of traditional cardiovascular risk factors as defined in Table 1 After adjustment ( Fig. 1) , having a high cardiovascular risk at baseline was associated with being man and older age. CD4 þ nadir of less than 200 cells/ml, longer duration of cART, current CD4 þ count of greater than 200 cells/ ml and earlier year of entry into the cohort were also associated with moderate-to-high cardiovascular risk.
Among the 7258 individuals who had a low predicted baseline risk, 1905 (26.2%) went on to develop a moderate-to-high cardiovascular risk, with an overall incidence rate of 6.83 95% confidence interval (CI) (6.53-7.34)/100 PYFU. Results from this analysis can be seen in Fig. 2 . Individuals who developed moderate-tohigh cardiovascular risk were more likely to be, older men, with a family history of cardiovascular disease, living in East Europe, with traditional modifiable cardiovascular risk factors (smoking, hypertension, high cholesterol, overweight and diabetes). MSM and those with a longer cumulative exposure to cART, with a CD4 þ nadir of less than 200 cells/ml, current CD4 þ cell counts of greater than 500 cells/ml and prior AIDS were more likely to develop moderate-to-high cardiovascular risk; whereas there was no relationship between HIV viral load being controlled by cART and the development of cardiovascular risk. Those on antihypertensive treatment and living in central Europe were less likely to develop cardiovascular risk.
Risk modification
A total of 1205 of 2077 (58.0%) individuals indicated for BP treatment successfully modified their BP, 1283 of 3919 (32.8%) smokers stopped smoking, 277 of 1394 (19.9%) individuals indicated for lipid-lowering treatment lowered their cholesterol levels, and 543 of 2163 (25.1%) overweight individuals lowered their BMI to below 25.
Blood pressure
In a multivariable Poisson model (Table 3) , individuals less likely to modify their blood pressure (BP) were men, older, heterosexual, overweight, with high cholesterol and diabetes. Those with a family history of cardio vascular disease (CVD) and who had a prior cardiovascular event were more likely to modify their BP. There was some evidence of regional differences with individuals from northern Europe less likely to modify their BP as compared with individuals from southern Europe. Those with higher baseline BP, those on antihypertensive medication and those with CD4 þ cell counts of greater than 200 cells/ml were less likely to control BP. There was no association between BP control and HIV viral load. BP control improved over time.
Smoking Table 4 shows that after adjustment, there was good evidence that the rate of smoking cessation differed according to mode of infection and region, with injecting drug users and individuals from eastern Europe less likely to stop smoking. Those with a CD4 þ nadir of less than 200 cells/ml and detectable viral loads were less likely to stop smoking. Those with a prior cardiovascular event were more likely to stop smoking. Rates of smoking cessation improved over time.
Cholesterol
After adjustment (Table 5) , those with higher CD4 þ cell counts and undetectable viral load were less likely to reduce their cholesterol. People with higher baseline cholesterol and diabetes were less likely to successfully reduce their cholesterol. Those with a prior CVD event were more likely to control their cholesterol. There was no evidence for sex-related or age-related differences in modification of cholesterol levels, and there was no change in cholesterol modification over time.
Time trends
We found evidence that modification of BP and smoking increased over time. After adjustment, the rate of BP modification increased by 6% per calendar year [adjusted incidence rate ratio (aIRR) ¼ 1.06, 1.03-1.09, P < 0.0001] and the rate of smoking cessation by 5% per year (aIRR ¼ 1.05, 1.02-1.07, P < 0.0001).
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Discussion
The current study has demonstrated that the prevalence and incidence of cardiovascular risk in people accessing HIV care is very high, and only a modest proportion are able to modify any of their cardiovascular risk factors. However, risk modification seems to be improving over time. This needs to be interpreted in the context of a relatively robust HIV cascade of care within the same clinical settings, with more than 80% virologically suppressed on cART and despite compelling evidence of the effectiveness of cardiovascular risk modification in reducing cardiovascular morbidity and mortality. Furthermore, the marked demographic and geographic heterogeneity in cardiovascular risk modification has profound implications on equity of care across Europe.
In keeping with other studies, the prevalence of cardiovascular risk was high [7] [8] [9] and heterogeneous across demographics and geography [1] . However, the pattern of modifiable cardiovascular risk in this cohort varies considerably from general population estimates. For example, in this cohort the prevalence of smoking and high cholesterol is much higher than the general population, whereas the prevalence of hypertension and obesity is comparable and possibly even lower than the background prevalence [18] . Specifically, in Europe approximately one in three people smokes, compared with one in two in this European cohort of PLHIV. Similarly in the country with the highest prevalence of hypercholesterolemia -Iceland, the general population prevalence is 29%, and the rest of Europe closer to one in five, suggesting that high cholesterol in this cohort was close to double the background prevalence [18] . These differences compared with general population prevalencemay partly be explained by the characteristics of the EuroSIDA cohort; however, other HIV cohorts have also found similar high prevalence of smoking and high cholesterol. Prevalence of hypertension and obesity of one in three is lower than that recorded in the background populations particularly of north and western Europe [18] . The heterogeneous geographical distribution of modifiable risk factors, however, mirrors that of the background populations [18] . On a more positive note, being on antihypertensive treatment was associated with a lower probability of developing cardiovascular risk. This mirrors the findings from general population studies. Europe-wide data have suggested that although there have been guideline-driven increases in the prescription of drugs for primary and secondary prevention of cardiovascular disease, there remains marked geographic variation in prescription practices, particularly for vulnerable groups such as injection drug users, which is also reflected in the geographic variation in risk modification that we have seen [18] . Although earlier diagnosis and more aggressive approaches to cardiovascular risk, including smoking cessation and other lifestyle interventions [20] , may reduce longer term morbidity and mortality, this has resource implications that health systems squeezed by austerity may not be able to invest in, potentially exacerbating existing inequalities in quality of care across PLHIV and accessing care in Europe.
More than half modified their BP. The health survey of England suggested that only one-third modified their BP, whereas a review of management of diabetes in Europe found the number closer to one in four, albeit of the more stringent target of 130/80 [21] . However, pilot studies in primary care settings in the United Kingdom found that by setting clinical targets, 62% of patients reached the target of 140/90 or less over 6 months of follow-up, suggesting that although HIV clinicians in Europe are doing well, they could do better [22] . The improvement in smoking and BP control over time mirrors the improvement in BP control and smoking cessation in the general population and may also reflect the emphasis and guidance around cardiovascular risk management in HIV that has emerged over time. The sex, age and geographical variation in management of BP and other risk suggest that there are biological, social, cultural and health-service-related factors that need further investigation. For example, to what degree does the poor control in older age reflect the effect of poly-pharmacy and age-related metabolic changes on pharmacodynamics and side effects, resulting in poor adherence or variable drug levels in older populations? Alternatively is this heterogeneity a reflection of the models of care and in particular the varying expertise and experience of managing cardiovascular risk in primary care settings compared with specialist HIV and/or infectious disease units? For example, it is notable that those with a history of CVD, that is those who are eligible for secondary prevention of CVD were two times more likely to modify their lipids, 50% more likely to stop smoking and 20% more likely to reduce their BP, suggesting room to improve primary prevention.
One aspect that we are unable to directly comment on from this study is the relationship between adherence to cART and successful modification of cardiovascular risk factors. On the one hand, those who had undetectable HIV viral loads were more likely to stop smoking, perhaps an indication of engagement in care. On the other, those who successfully managed their HIV, with undetectable viral load and higher CD4 þ cell counts, were less able to reduce their cholesterol to recommended levels, perhaps reflecting the effect of some antiretroviral therapy on cholesterol. On the contrary, we are unable to comment on whether clinicians switched cART to manage lipids. Overall HIV-related factors had a less impact on successful reduction in cholesterol than being on a statins.
The limitation of this study should be noted. Although EuroSIDA is one of the larger observational cohorts, cardiovascular clinical events were uncommon and therefore we did not have the power to look at the effect of risk modification on cardiovascular clinical outcomes. The findings are therefore restricted to cardiovascular risk modification, and we are unable to comment as to whether cardiovascular risk modification is as effective in PLHIV as has been observed in general population cohorts, further combinations of cohorts would be required to answer this question. Second, we have presented the DAD risk prediction tool, which is both a conservative estimate of risk (5%, 5-year comparable with a 10%, 10-year Framingham risk) and cardiovascular risk tool, which is not in common clinical use. However, in this cohort both medium and high DAD cardiovascular risk measurements predicted substantial cardiovascular events that were higher than those predicted by Framingham's (unpublished data). We repeated our analyses using the Framingham equation, and the findings were comparable. Third, we were concerned that there would be a risk of channelling bias, with those with higher cardiovascular risk being more likely to have a second cardiovascular risk measure; however, in fact the opposite was true, and they were less likely to have a second cardiovascular risk measurement (unpublished data available from the authors). Fourth, given the numbers of those who had diabetes mellitus, we were unable to look at the risk modification of this important risk factor for cardiovascular disease. However, we note those with diabetes mellitus were 76% less likely to modify their BP, which, given the risk of cerebral vascular events and chronic renal failure in this group, suggests a need to focus on management of BP in PLHIV and diabetes mellitus. Finally, the patients in the EuroSIDA cohort and in these analyses represent a group of patients who are engaged in care, with good HIVrelated outcomes, consequently the actual cascade of cardiovascular care is likely to be worse than what is reported in this study.
In conclusion, to sustain the morbidity and mortality benefits of antiretroviral therapy, we need to tackle the intersecting epidemic of HIV and other comorbidities including cardiovascular risk. Although this study suggests that we are improving in recognition and treatment of cardiovascular risk, particularly BP and smoking, we need to do much more, particularly for older people, men and those with diabetes mellitus. We need to better understand the reasons for the geographical variation, tackle inequities in access to care, and advocate for the resources needed to manage cardiovascular risk. It is important to develop innovative models of patientcentred integrated HIV and cardiovascular disease care and evaluate them with both HIV and cardiovascular end points in mind.
